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<9 Monoclonal antibodies to Fc receptors for immunoglobulin G on ^"^^^J^^^' 
bifunctional antibodies, target specific effector cells, targeted macrophages, and mnunoassays. 

~) A human Fc receptor-specfic monoclonal antibody is disclosed together with its mode of P^tiorr 
^ot; antibody" to Fc receptor ,s not blocked by human immunoglobulin G. The V ^ - he 

high affm.ty Fc receptor for IgG on human monocytes at a receptor bmamg site dibbnu -urn - 

^Afunctional antibody or a heteroant,body has an antigen binding reg,n de r,ved receptor 
antibody and an antigen binding reg,on specific for a target epitope or cell: such antibody may target 
macrophage when it is bound to surface Fc receptors of the macrophage. 

A target-specific effector cell expresses receptor for the Fg portion of IgG. has one antigen b.nd.ng re,.,, 
lenved from a ^ ant -Fc receptor antibody and another specific for a targe, cell, and the aforesaid bifunctional o 
T:ZVZ™ Abound to the Fc receptor o, the effector ce„: such effector eel, can be used ,n the therapy of 
cancers, allergies, infectious and autoimmune diseases, and in immunoassays. 
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The present invention reiates tc monccona 1 antiOoa.es to Fc -ececocrs -o- .mmu^cg-ccui r ^ G :° 'oo^a^ 
mononuclear cragocytes crunct;:ra, art.cccies. targe* spoc-oc e*:e; r : r :o"S tar goto" ""ac socages fi'\i 
■mmuncassa r s. 

Several tvpes of effector cells rave surface receptors tnat omc the Fc ocme^ : r ''^u'X- oocc.o- il^G' 
When sucn :elis (monocytes granulocytes K ceils, etc ) encounter target ceiis tnat nave oeen :csc n :-o 
with tgG antibccies. they form conjugates A'if~ the target cells. Suoseejuentiy . tne F-ffee;o r ce-'s eo r e f ysc 
or o-agocytose the target -cells cecenomg ^pc" :n e elector oe;' type : r e target :e. :,;oe a^o :°-e see: : : 
F: ■eceotcr tyce :"voiveo 

T.vo distinct c, asses :t IgG F: 'oceoto r s <F;Ri ra,e oee r ~ : oe r 'tif.ee :° ■-u^a n r ^ero:vtc-s a-.:: :^ 
-uma^ monocytic cell nne U937 Looney R J . et a: <1986> J Immurw 1 36 1641 -164^ O-: - "^Ca 
s-a.cg y :oprc:e-r -p72) witn *';gn amity i Ka = 1 0' - 1 0 M-1i for mcnorr-en: n^man IgGl anc: lgG3 arc f :- 
munne subc asses lgG2a and lgG3 Alexander MD et ai. >■ 1 9~"8i Immune 35 115-123 Anaensc C L arc 
Aoranam. G.N M980> J Immune, 125.27 35-2^4 1 ; loDock. M D et ai M985i J Immune 135 1299-1304 
The otner receptor is a 40kDa moiecuie <p4GM wmcr shows relatively iow affinity r or menomenc igG 
'•:■> Looney et ai supra: Jones. D.H . et ai M985i J Im muno l [35: 33483353 P40 has Deen defined by *s 
ability both f : f:rm 'rosettes Wlth erytnrocytes coatee with munne IgGl anc tc cmc aggregates munre 
JgG2t at lew ionic strength. In addition, a '^onocionat antibody (IV3) has been prepare: wnicn circs to th e 
40VDa receotor and inhibits iigand binding. See Looney R.J et ai supra. Th^s receptor is p-oserr no* on y 
on mononuclear phagocytes but on numan patents, neutropnus and eosinophils Rosenfca. S v. et ai 
jo (1985) J_Clin Invest. 76:2317-2322. 

These two F: receptors on numar monoc /tes nave been shown to mediate ant'-T 3-md..ce J numar T 
ce 1 ' mitogenes s Dy distinct subclasses of m. .:r-ne IgG The "^2*:Da FcR mediates murine igG2a anti-T3- 
mduced stimulation whereas the 40kDa FcR mediates murine IgG 1 anti-T3-mduced T ceil mitogenesis. See 
Looney et al suora. Based uoon their distinctive affinities for munne IgG subc. asses. o72 ana p40 are 
J5 thougnt to be the human homologues or murine macropnage FcRI ana FcRII specific for munne igG2a and 
lgG2b 1. resoectively. Although not presem on monocytes or U93 T cells, a third ciass o- IgG FeRs has been 
de-scrbed cn numan neutrophils anc oui eels 

It nas been demonstrated that target cell conjugation and - ysis can also be induced by ccvaientiy cross- 
un-.ed neteroant.body maae up c>f Dot anti-Fc receptor antibcdy and antibody directea against a target ceil 
?o epitope When effector ceils bind such nete.-oag negates to tneir Fc 'eceptoo tnev can specifically nina a^d 
iyse target ceils which have not oeen opsonized but which express the appropriate target ant-gen Segal et 
ai have- recently reported cytclysis o v tumor cells, by mouse monocytes with an attached n etercantibcdy 
w^ich oms fn e Fc receotcr of the monocyte on one end with tumor ceil epitopes c~ the othe^r end The 
targeting of effector celts with conventional netercantioo dies, however, is likely x be crly marginally 
]5 offoot-ve in vivo because the binding of antibody to Fc r eceptors can oe biocKed ov pnysioiogicai 
concentrations of IgG 

Disclosure o f the inventor 



40 This invention pertains to monoc :cnai antiroodies which are specific fo- *he human high affinity Fc 

receptor of IgG, tne P72 receptor, and which bind to the F: receotor without being blocked ou human IgG 
Tne antibodies bind specifically through their antigen comtimrg region ana mdeperdent of their Fc ccrtion 
tc human receptor for the Fc portion of IgG The antibodies bind to a site on the Fc acceptor distinct vom 
the binding s ; te for the Fc region y IgG higand) and the antibodies are caoaole :f binding a .igand- 

-5 occupied receptor 

The anti-Fc receptor antibody of this invention can oe made by monoclonal antibody producing 
techniques. Fc receptor protein can oe obtained for immunization by preparing a cell fraction containing Fc 
receptor from a cell hne that expresses Fc receptor (e.g. the U937 line, a human monocytic cell line that 
expresses Fc receotor for human IgG). The cells can be p retreated m culture with IFN-gamma ;c enhance 
50 the yield of Fc 'eceptor protein. Fc receptor protein >s punt-ed by affinity purification 'rom ceil y sates. An 
animal >s immunized with the purified receptcr orotem and antibcdy-producing cells are narvestea from the 
animal and fused with a myeloma cell or otho' immortaizmg cell to produce hybnaomas The nypndcmas 
are cloned and clones are selected fc r production of antioody to Fc receptor whicn is not blocked by 
human IgG. 

55 The selection of antibody which binds to the Fc -eceptor througn its antigen binding region (distinct 

frcm the Fc portion of the antibody > is complicated oy the fact that the Fc portion of IgG of tne ammai 
species may bind human Fc receptor For e.- ample, two of the four murine IgG subclasses - lgG2a ana 
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facilitated as follows. After initial screenmq of hybridomas fnr ornrinrtmn ?f ig >,vh:ch C\r,cz the i^u^uiu'. 
nyondomas which produce antibody o f the subclass which <s bouno via its Fc region by the human Fc 
receptor, are eliminated from consideration. The remaining hybridomas are evaluated for production of 
antibody which binds Fc receptor independently of their Fc portion. 

The anti-Fc receptor antibody of this invention can be used to produce tar gei-soecif.c effector ce-is for 
treatment of cancer, allergies, and infectious and autoimmune diseases. Antibody specitic for a target ceil 
(targeting antibody) :an be linked to the Fc receptor of effector cell through the Fc-specmc antibody or th'S 
invention. The linkage mediated by this anti-Fc receptor antibody is not disruptable by IgG because; bidding 
to the receptor does not involve the Fc portion of the antibody. 

For the purpose of targeting effector eel's, a Afunctional antibody (used herein to mean a single 
antibody or antibody fragment with a duai binding specificity) or a heteroantibody (used nerem ro mean an 
aggregate of two or more antibodies (or antibody fragments) each antibody having a different snenr;rity> 
can be produced. In general, the afunctional antibody or heterantibody comprises: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody whose binding to human 
Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific lor a target cell. 

The binding of Afunctional or heteroantibody to the effector cell results in a targeted effector ceil i.e.. an 
effector cell with attached Afunctional or heteroantibody containing antigen binding regions which are 
specific for a desired target cell. The targeted effector cells can be used to bring about antibody dependent 
ceil mediated cytolysis (ADCC) of the target cells in vivo 

The target cell can be a cancer ceil or other cefi whose elimination would be beneficial to the host, for 
e» ample, an auto-antibody producing ce'l found in autoimmune diseases, or an igE producing cell found in 
allergies. The tarqet cell specificity of the Afunctional antibody ur trie heteroantibody is derived from a 
targeting antibody i.e.. an antibody specific for a target cell-associated or target ceii-specific antigen. The 
use of the Fc specific antibody of this invention provides for attachment of the targeting antibody to 
monocyte effector cells by a linkage wnicn is not disrupted by physiological levels of immunoglobulin G 
encountered in vivo Thus, the targeted effector cells can be given m vivo without loss of effector cell 
specificity due to IgG competition for Fc: receptor sites. 

The anti-FcRI antibody of this invention has other therapuetic applications as well as several diagnostic 
applications. The antibody can be used as a targeting antibody to target FcRI-bearing cells. The antibody 
can also be used to induce capping and removal of Fc receptors on monocyte or other ceils. Diagnostic 
applications of the antibodies include their use in assays for FcRI receptor levels and assays for substances 
tnat influence FcRI receptor levels. 

The invention will now be described in more detail in the following description, which is given by way of 
e;vamole only, and which is to be read in conjunction with the accompanying drawings, in which: 

Figure 1 shows SDS-PAGE of affinity adsorbed lysates of surface raoioiodinated U937 cells. 

Figure 2 shows SDS-PAGE analysis of affinity adsorption with ligand or with mab 32 after precleanng 

U937 lysates with ligand or with mab 32. 

Figure 3 shows the results of isoelectric focussing of p72 purified either with ligand or with mab 32. 
Figure 4 shows that human IgG does not interfere with the binding of Mab 32 to U937 cells but blocks, 
almost completely, the omdiny of the mouse lgG2a myeloma UPC-10. 

Figure 4b shows that human IgG does not interfer with the binding of Mab 32. 22, 44, 62 and 197 to 
U937 cells, but blocks almost completely the binding of mouse lgG2a UPC-10: and the increased 
binding of Mab 32. 22, 44. 62 and 197 to IFN-gamma treated U937 cells. 
Figure 5 shows the fluorescence intensity of cells stained with mab 32. 

Figure 6 shows the cytotoxicity of chicken red blood ceHs (cRBC) by IFN-gamma treated U937 cells 
mediated by the heteroantibody Mab32 x Fab anti-cRBC. 

Figure 7 shows cytotoxicity of cRBC by interferon-gamma treated and untreated U937 cells. 

Figure 8 shows cytotoxicity of chicken cRBC by interferon-gamma treated and untreated human 

peripheral blood monocytes. 

Figure 9 shows the cytoxicity of cRBC by IFN-gamma treated U937 cells in the presence of the 
heteroantibody Mab 32 >: Fab antt-cRBG and human IgG 1 

Figure 10 shows cytotoicity of cRBC by IFN-gamma treated and untreated human peripheral blood 
monocytes m the presence of the heteroantibody Mab 32 x Fab anti-cRBC and human IgG 1 
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Detanec Description^ mej^enticn 

Tre antibody of tnis invention omas the mgr affinity tc72» Fc r ececiCi -F:Rh ; c '^/^an i;;G .v:":..: 
oemg o.ccKed oy numar igG. Preferred a n ti-FcRI receptor anrbody has the fcnowmg c^actc s"cs 
a antibody reacts specifically wit h the high affinity Fc receptor: 

o the antiocdy reacts with the receptor thrcugn its antigen connoting region \naecenoc": " r :s F: 

: ve a r t'cc^v reacts w-*n an enitcce of FcRi w^c" -s distinct f'om the Fc <cr j.gana bincjmg. site c w 
-erectcr ano 

*; d : n e ar tic o binds : iganc iFct cccucea ^ecector 

Tnc mcccc^a. a^t-^: -ccoc*:- a^'bedy " f t^'S mvention can be produced dv ecnve^tiona mor- 
ocionai antibody metnoaoiogy e.g . the stanaara somatic ce;i nycridization tecnn.a^e c y . '• <_•* a-" : M ■;>:■ ' 
Nature 256 495 (1975) Although somatic eel! hybridization procedures are preferred m Dnnooie. otho 
techmoues for producing monoclonal antibody car 1 rce employed eg., virai or oncogenic :ransfcrmatio n r B 
ympho:ytes 

Fc 'eceir.y for immunization of an animal can be prepared from iysates of human ceils which express 
the recede r A preferred recec-tor-oearmg cell nne <s the human monocytic cell line U93o however cthe f " 
monocy'ic cens such as HL-60 cells cr f-oshly isolated monocytes can be used Because mterferon-gamma 
ennances Fc receptcr expression, ;ne ce s can be cu tured m the presence of mterferevgamma (eg 100 
cc 1U mh before receptor preparation to enhance the yield of receptor protein. 

A cart aily ounfied oreparation of the receptcr can be made by lystng receptor-bearing cells and then 
ounfyin:; tre receotor oy immunoadscrcant chromatography. Cells can be iysec m a suffer containing a 
detergent sucn as NP40 The immunoadsorbent can bo prepared oy attaching human IgG to a wate*- 
msolub><- material such as an activated Sepharose resin The Sepharose resin with attached human IgG 
jt is poured nto a ;oaimn. The ce'l Ivsate is passed thrcugh the column under conations which permit 
adsorttion of the cellular F: 'eceptor protein by the IgG coupled to the resm The adsorbed Fc receotor 
orotem can oe eluted with a mildly aodic oiution ouffer. The purified receptor can then be used f:- 
immurnzat;o n o- an animal ::> produce ant'-receptor monociona- antibody 

As an alternative to the use of oartiai ! y purified receptor protein, whole FcRI-bearing cells can be used 
as -mm^ncgen For e>:ampie. whole mtederon-gamma treated U937 cells can be usee to ehcit anti-FcRI 
antibody 

The preferred animal system for orepanng hvbndomas is the murine system. Hybridoma production m 
the mcuse 'S a very well-established procedure. Immunization protocols and techniques for isolation of 
immunized splenocytes for fus.on are well known in the art. Fusion oartners (eg., murne myeloma eellst 
3- and fusion procedures are aiso well-known. 

Selection of murine h/bneomas producing antibody agamst the FcRI for IgG of numan monocytes, 
however is complicated by the fact that two outclasses of murine IgG - the igG2a and lgG3 subclasses - 
are hga^ds capable of bind ng with high affinity to tnis receptor Thus, assays for monocionai antioooy 
capable of omomg to tne receptor would register as positive all murine antibodies of these two subclasses. 
-io This obstacle can be avoided by first screening nypnd cells for production of antibody reactive with the cell 
hne wnch was the source of Fc receptor, then eliminating hybrid cells which produce lgG2a and lgG3 
antibodies and finally evaluating remaining nybneomas for production of antibody against high affinity 
receptor This strategy is further defaced in the exemplification below 

Employing the methodology described, five murine monoclona anti-FcRI antibodies we^e prepared The 
4^ antibodies are designated mab 22. mab 32. mat- 44. mab 62 and mab 197 Each of the antibodies e<hibit 
the preferred characteristics set forth aoove 

The anti-Fc receptor antibody of this invention can be used to produce target-specmc effector cells i e 
effectc cells which are capable of recognizing and binding to a target cell and exerting their effector 
function It provides a means for attaching to an effector cell an antibody or antibody-binding fragment 
-o directed against a target cell. The attaenment =s not disruptab<e by physiological concentrations of IgG 
because the arti-Fc antibody which med^es the attachment binds the receptor througr its antigen-Dinding 
region. Effector ceils, such as macrophages, targeted m this way can be employed to bring about antibody- 
depencent cell-mediated killing of target cells. 

To target effector cells, b. functional antibodies or heteroantibodies are employed These antibodies 
^5 have dual antigen binding specificity - one specificity for the Fc receptor (preferably the high affinity Fc 
recepton and one specificity for an epitcpe of the target cell. The Fc receptor specif ici f y mediates linkage 
to the effectc r cell through a known cytotoxic trigger molecule. The target cell specificity provides for 
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... h,„ a twn different antiqen binding sites. 

(Afunctional antibod.es are single, oivaiem - , a , t 

Bifunconal antibodies for targeting have one binding s.te for Fc recepto, ana 

r.fill eoitope. .. ... ■ ■ i^^.ntc fFsM linked toaether. eacn 

"" Hetereoantibodies are two or more antibodies ° r u antlDoa ^^ y :;7- e ;;;:;; mprise an antibody .or 
antibody or fragment having a different specficty. Heteroant, ,d e s , Urg ^ f 
antigen binding fragment specific for Fc receptor, coupled to an antibody (.ra g 

thereof) specific for a target cell epitope. tprh n,n„es (see eq DM Kranz et al.. Proc. 

Bifunctional antibodies can be produced by che m.cal techn que, (see a . Re:a d,ngTor 
N„t. Arad. Sc. USA 78.5807 (1981)) by "polydoma" techniques (See U.S. Patent 4 4, . 

^ '7hnT r *nNA techmoues Heteroantibodies can be prepareu uy uu.ijuya d ■ - ------ ■ ■ 

Dy recombmani DNA tecnniqje- wi r.-^pimq nr crosslmkinq agents can be 

with antibody specific for an epitope of a target eel, A vane , ol ^ up > d . N ^ rnnimid ^ M2 . D ,u6yl- 

iU - P.amn^ arp nrotein A, uatbOt.m,ae. anc in -uj. y . 

used to conjugate me ^^..-r-- ■ rrnrP Hnr^ for crosslmkinq antibodies witn mis 

Proc Natl. Acad. Set USA 82:8648. imoortant type of cell is a 

be produced 0, can be selected l.om available sources. Mon„c a an 9 - ^ 

ar ,,, g e„ s C an be made by me metnods ol Koprowski et a].. U.S. Pak.nl 4.1 

,nt,r-,nHiPc arpi nresentlv available. 

""^Specific anti-tumor antibodies would include, but not be limited to: 
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Antibody 


Specificity 


AML-2-23. PM-81, PMN-6. PMN-19 

SCCL-1. SCCL-175 

OC1-25. OVCT-3 

COL-1. COL-2, COL-3. ... COL-13 


Myeloid Leukemia 

Small Cell Carcinoma of the Lung 

Ovanan Carcinoma 

Colon Carcinoma 
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!„ addition to ,.™ cell, ,e et.ector cel, can be targeted 

auto-antibodies). , marr nnhanps Other cells would include 

Effector cells for targeting are human leukocytes, pre ^ably macio, pha ^ ° l e ce „ s 

monocytes. .FN-gamma activated neutrophils, and P os ^ , n a crease the number of 

and eosinophils. Macrophages can be treated w,t IFN "9 am ™ .^'^dv ^e effector cells may also be 
Fc receotors for attachment of the targeting antibody or hete-oan .body The effect ^ 
activated before targeting by other cytokines such as tumor ^J^'^ I treated. " 

factor, and ,nter,euk,n-2. If desired, effector cells for targeting , can be *ta -d rom ° & 
The targeted effector cells can be administered as ^^^^^ Spending on the 
S0 , utl0 , The ^o^ fr=1Z be .n, e.der of 10 lO^but ^ ^ ^ ^ ^ ^ ^ 

therapeutic purpose. In y «n 0 .a, ■ (ADCC) Routes of administration can 

effect target cell killing Dy anuoody d«p«n u ent , .0. a.e . ted effectot 

ol targeted cells. For example. antMnrrro. tnerap, «,th 3 ^ J^,,, com „,„a„on inv 

can be used ,n conation «,m surge,,, chemCne.apy tumo, ceil ,e,ec,ion 

Cn C n :nTrc a r;p a ,'n , rr,, b od y o, ma invention "as additional „ m therapy and gnosis Tbe Fc 
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antiDOOy can ce jsec tc target uo\o vesicies contam^g anticancer drugs for treatment ct :eda^ n erra:: cg- 

■ cai cancers (eg acute myeloid : eukem;ai or ;c :a r ge: ^do vesices cemanvg :ac;cs <s^c^ as gam'^a- 
IFN) A-nic^ activate monocytes. Tne antioeoy. <f ct me aocroorate murine igG success <e g igG2a- 

oe use: airecvv ^ n v,.-c tc eliminate F; 'oceptcr oearmg ceils (eg., myeioic leuKemia cens* -.a nai./a 
complement or ADCC mechanisms 

T r e antiooay can oe employee to modulate Fc receptor levels on mon::ync cens For e-ampie r 
auto-immune O'seases (Sucn as rheumatoid arthr'tis ) tne antibody can ce acmin-s T ereo ,n a ': r ~ *^a: 
^cuees ";acc; rl c;" anc elimination of Fc r eeectors c^ me iom surface Tre :e- juciicr of Fc roceotors :a n 

■ nterfe^o wit n monocyte Clearance of ant'oeov coatee sc ! f-cel's m cat'ems M-* - r es :* a-M-F: :e;:: ; - f :a" 

Diao^ost'c aero '-cat c°s : + ^t-F;R a r ' o.], : f tne oventc" car" o oaseo on :^e ^se y tc- 
antibody to quantify me attribution or nunnoer :> f Fc receptors on ceils Tne antibody can oe employee >n 
assays tor agents wmcn influence receptor expression ie.g . 'nterferon-gamma whicn ennances F: ■eceotcr 
expression} Fc r e/amoie. m an assay for .nterferon-gamma tne anti-FcRI antiooay labeled iraaioisctcoicai- 
;y enoymaticany or fluorescently ) can be used to quantify FcRI levels on -:e-\s exposed to a test sample 
Receptor levels will oe related to the amount of 'nterferon-gamma m rhe sample 

The antiooay can also be used to subciassit/ patients with rheumatologic disorders whicn arc re,a*ed to 
F: receptor teveis c tc the ability of a patient's ceils to respond to interferon P/ enhanced expansion of Fc 
receptors 

Based on the increased expression of FcRI :n IFN-gamma plus ae>ametnasone-treated monocyte's 't >s 
anticipated mat anti-FcRI monoclcnai antibodies will oe excellent markers cf inflammatory macrophages. It 
:S posside that the accumulation and activation of mononuclear phagocytes at sites of inflammation 
(inciuning tut not i-mitea to infectious foci, seotic arthritis, atherosclerotic p.aques) can t:»e detected by 
:adio--magmg using radioiabelied antibodies to the FcRI cn such cells 

The invention is illustrated further by the following ncn-'imitative exemplification: 



Exemplification 
Materials and Me the as 
Chem ca and Reagents 

Cytochrome c Type VI, suoe-oxide dismutase. oeostatm. chymostat'n, eupeptm. antipain. rabbit muscie 
actin and pnenyimetnyisuifonylfluonde <PMSF) /vere ourcnased from Sigma Chemical Co.. St Louis MO; 
Dextran T50O, Ficol'-Hypaque. Sepharose 4B. C NBr -activated Sepharose. Protein A-Sepharose CL-4B from 
Pharmacia Fine Chemicals Piscatawav. NJ. tetanus toxm. octyi-o-D-giucopyranoside (octyiglucosidei and 
papain from Calbiochem. La Jolla. CA: human anti-tetanus toxir antibod> (HyperTct ) from Cutter 
Laooratories. Berkeley. CA. cnlorogiycounl from Pierce Chemica Co.. Ro-iKford. IL. carrier-free L* - 
'IMS. 300) from Amersnam. Arlington Heights IL cytochalasm B f r om Adncn Chemical Co.. Milwaukee. Wl. 
goat F(ab')2 antimunne Ig lant'-mlgi. ootn fluorescein is ctniocvanate-conjugated (FITC) anc unconjugated. 
*rom Cappel. West Chester PA. unless indicated otherwise RPMI 1640 from Gibco. Grand Island, NY. and 
*rom K C Biologicals Lene>a. KS, Fetai bovine serum (FBS) from Sterile Systems. Logan UT. and a mixture 
cf low molecular weight markers from Biorad. Richmond. CA. Recombinant gamma interferon was Kindly 
donated by Genentecn. Scuth San Francisco, CA. 1 .25-aihydro>:ycholeca-eife f ol f 1 .25fOH). D ) ^as a gi*t 
from Hoffman LaRoche. Nutley. NJ. Other ch-.-micais were of analytical grade and were obtained com- 
mericaiiy 

NP40 lysis buffer contained 1% NP40. IIOmM NaCI. 10mM EDTA. 2mM PMSF. 10ug mi pepstatm, 
10ugmi chymiostatm. 10ug ml ieupeptin and 10ugmi antipain in 20 mM T-'S puffer oH 7.1 Krebs Ringer 
phospha'e buffer with gluccse (KRPgiu) consisted of l35mM NaCI. 5mM KCl. 1.2mM MgS04 ImM CaCi. 
4 3mM glucose m lOmM sodium phosphate buffer. pH 7 4 Phosphate buffered saline (PBS) was l45mM 
NaC n 20mM phosphate buffer. pH 7.0. PBS-K contained l30mM NaCI and 5mM KCl m 10mM phosphate 
ouffer pH 7 4 



Antibodies 

The monoclonal antibody against the high affinity FcR (herein designated mab 32 and when subcloned. 
32.2). was prepared as follows A partially purified detergent lysate of the high affinity FcR from U937 celis 
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134:465-470). U93? ceils were iysed in 1% NP40 and the lysate was allowed tn mmh^ 
nigb tor 8 hours The adsorbent was washed thoroughly and was eluted with 0.5M acetic acn m 30mM 
octylg.ucoside. The eluate was promptly neutralized with 2M Tr,s and the amount of proton eluted was 
determined by a Folm assay (Peterson. G.L (1977) Anal. Bio chem. 85: 346-356). The tubes contain.nq the 
bulk of the protem were pooled, concentrated bv vacuum dialysis using an Amicon YM-10 filter and a 
M.n.con apparatus to 0.5ml and emulsified w,th an equal volume of Freund's adjuvant, erther complete for 
the first injection or incomplete for subsequent ones. A mouse was immunized intraperitoneal! 4 times a, 
roughly 4 week mtervals. the last 2 immunizations using antigen derived from U937 cells cultured 72 hours 
m IFN-gamma. 100 IRU ml. to increase the yield of FcR (Guyre. P.M., et al. (1983) J. Cl.n Invent 72 393- 
39/). Five days following the last immunization the spienocytes were fused with ce 



45 



' _ M uid<iauuH i [ irr MUHnnr inpc ui;oi-o ti imr* ,..,+^ -~--.il.- ~* *i m^«i 

u -i .. — — " r.mi ^uiio ui me inoi myeloma 

line by standard techniques (Kohler. G. and Milstein. C. (1975) Nature. 256:495 Ball ED Pt a i (1982* 
PNAS 79:5374-5378). Supernatants of the hybrids were screened for their ability to bind to U937 cells by an 
inject immunofluorescence assay using a flow cytometer. Chosen hybrids were cloned by limitmq dilution 
rescreened and expanded either in culture or in ascites fluid. The protem from clone mab 32 was founa to 
be an IgGl antibody by an immunoblot assay using isotype-specfic antisera. IgG of th.s clone was 
precipitated from ascites by making the solution 40% in ammonium sulfate. The precipitate was redissolved 
and dialyzed against 20mM Tris buffer. pH 8.6. H,gh performance ,on exchange chromatography (HPLC) 
was earned out on a semi-preparative PROTEIN-PAK-5PW (Waters. MHford. MA) column. The initial elut.no 
buffer was 20mM Tr,s. P H 8 6 delivered by pump A. 20mM Tris, 0.3M NaCI. pH 8.6 was delivered by pump 
B. A sixty minute linear gradient, 0-100% B, at a flow rate of 8 ml mm was used for elation The main peak 
corresponding to IgG was pooled. For some experiments the purified IgG was passed over a 
SepnaroseProtein A column to remove traces of lgG2a to less than 0 005%. Pepsin digestion of whole 

antibody was performed essentially as riPemhoH h„ d*,^~ ,o~, r>~, r, ,.„„„. . 

none 9qao\ „ . t u . 1U ' ' ^ cc rdiudni. r. paou) j, Immunol. 131: 

2895-2902) except that the digestion time was 3 hr and the pH 3.6. F(ab')2 was f^ed"^ hTqh 
performance gel filtration chromatography using a TSK 250 column (Biorad). Fab' was made from F(ab' 2 
by .educing with ,mM dithiothieitol for 1 hr at room temperature and alkylating w,th an excess of 
lodoacetamide. The Fab' was purified by HPLC using the TSK 250 column 

The preparation of mab 22. mab 44. mab 62 and mab 197 were as above, except that for mabs 22 44 
and 19/ the immunogen was IFN-gamma- and dexamethasone activated U937 cells All procedure* and 
preparations were the same as for mab 32. " " 

The preparation and properties of monoclonal IV3 have been described. See e.g. Looney, R.J, e, al 
I aomL-t,-™- ■ IV 3 was used as supernatant fluid from the culture of cloned cells^ 

Tr!Zll 7 6 PrePar6d 33 d6SCribed L ° 0ney ' R ' J ' ^ ' 9G 0r l9M hM of ™«™ monoclonal 

^TrpcsT^ TmI <l9G2b) ' am " Vk3b < ,9G2b >' P3 ,,9G1) ' AML " 2 " 23 ^ MY 23 

IgG , RPC5 (l 9 G2a) and MMA (IgM) were purified from ascites fluids by ion exchange chromatography 

unless otherwise indicated. In some cases, the supernatant fluid of cloned hybndoma cells was used 

R^te MW "'I d ° na,ed Dr Chns, °P her Department of Pediatrics, University of 

Rochester. MY7 was purchased from Coulter, Hialeah, FL. Leu-M3, an an„-monocyte monoclonal antibody 
was obtained from Becton-Dickinson, Mountain View CA 

H- 'T- Z7^%nTr ng hUman l9G W6re PrePar6d by mCUbat ' n 9 t6tanuS t0 * in < 200Lf ™» *ith 
™ ■ , V l200Lf;m " Tor 1 nr at 3rC lnsol "ble complexes were pelleted by centnfugation at 
.3,000 x g ror 1 mm, washed once with PBS-K, and resuspended in the original volume of PBS-K Protein 
concentration was determined by adding 0.1 M NaOH and measuring absorbance at 280 nm. assuming an 
extinction coefficient (1%, of 14. Pooled human IgG punfied by ion exchange chromatography was 
covalently linked to Sepharose 4B bv a modification of th P r„ a n.™ e „ >™h p » p „ hr .- 

!,vaed-^ h -— -j ,49 " 152) 3t 3 rat '° ° f ?6m9 ' 9G mi S6phar0Se An "- mi 9 linked to CNB,- 
P ZT Sepah : OSe h aCCOrdin9 t0 the ^ufactuier. instructions at a ratio of Img protein ml Sepharose 
Prior to use the Sepharose adsorbents were washed ,4 with 1% NP40 in PBS containing 5mM Kl. 
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Human granulocytes were obtained from the peripheral blood of normal donors by separation from 
mononuclear cells on Ficoll-Hypaque. sedimentation of erythrocytes using 3% dextran ,n PBS and finally 

I P amTd' C h T l reS ' dUal erVthr0Cy,eS P ^ations were 98% granulocytes. Mononuclear cells were 
obtained by Ficoll-Hypaque separation (Boyum. A. (1968) Scand. J. Clin. Lab Invest 21 77-83 (Supple 77) 
,. Ceils of the U937. HL60. K562, Daud, R aj ,, Mo,t4. Jur.at^^Tne^ 
culture as descnbed^Many of the cell lines used were obtained from the American Type Culture Collection 
All cells were washed x3 ,n PBS prior to use and were 95% viable when tested bv trvnan hh 
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Radioiabeimg ana Af:imty Aascr priori 

Cells were surface raaioioamateo oy me cmcrogiyccur . metnec <F r a*e- P J a no See:* J C 1 9^8> 
Biocnem Biopnys Researcn Comm. 80 849-35^' 0.7 m> cens m PBS at 14 3 - 10' rn Aero m; v .oate:: a m 
1 mCi "--I for 30 mm a* 0 : C ; n a scinn iation via" coatea with 5 ug cnijrogiyccur,, Tro -eac: Aas 
quenched and the ceils were washed x3 with 5 mM Kl m PBS. Tne cens were trer yseo ^ NP4Q ,s:s 
buffe- for 30 mm at 0 ; C Ce! 1 ruoei ann mner insoluble materia: were peneteo by centnfugati :n a: ""800 -g 
'or 20 mm 

SDS-PAGE ana Isce'ectm Focuss 

Sepharose-anti-mlg <25uh was sensitized with mcrcciorai antieod-es ov mcuoat ng 'c 3 'ts ^ 4 ^ 
with iQOul supernatant tiud jr ig ounfied from ascites fluid dOugml) anc me unbound mater a 1 washed 
away x4 with 0 7 5ml BSA PBS Portions o* laoeiea ce I lysa'e (50u = t were mcubated fcr 2 to 12 nr a T 0 : C 
with 25ul antibody-sensitized Sepharose-anti-mlg Separate 50ul portions of 'ysate were mcuoateo w u 25u 
Sepharose-hlgG The Sepnarose conjugates we r e washed *7 with 0 75mi 1° 0 NP40 PBS Kl a°o m 
preparation for sizing gel electrophoresis were incut ated for 2 mm in a Doiimg water bath with 80e Laommii 
samcie buffer containing 20m M dithiothnetol instead of 2-memaptoethanol Tne supernatant was acerbated 
by aoamg 5u< 1M lOuoaoetam.ide and was analyzed oy SDS-PAGE and autoradiography as desc bed 
Anderson. C. L. (1982) J. E.*p. Med 156:1794-1805 The molecular weight markers included m ai geis were 
V: l-bovme serum aioum.n '-' l-raobit muscle ac tin . ohosf: horylase B. ova-bunm. carbonic a^rydrase 
soybean :rvosm inhibitor, and lysozyme. For isoeiectr.c focussing, the wasoeo adsorbants were mruoatec 
for 15 mm with 80ui of tne urea-.ontaimng O'Farre.l sample buffer and the eiuates were electrophoresed cn 
a vertical slab gel prepared as described for the first dimension of the O'Farrell procedure. See O'Farrell. P 

H. (1075i J Biol. Chem 250:400^-4021 The pH gradient was determined by cutting the lateral -anes of the 
gel mto 1cm sections and incubating each section overnight in iml H;G. The geis were stained and dried, 
and autoradiography were orepared using prefogged way fnm and enhancers at -70 : C as describee See 
Anderson. C L. Supra. Densitometry 'racings o r me p72 band appearing on autoradiography were enlarged 
157°: usmcj a photocopiei and were cut out with sc ssors and weighed. 

Bmc-ng an:1 Inhibition Experiments 

A human IqGl mye'oma protein (Arr) and 'he IgG fraction of mab 32 were radioiodmated by the 
chlor oglycc urM method to a specific activity of l-5uCiug. Preliminary experiments established That equilib- 
rium and satu-atvon were achieved with 4 >: 10'' U937 ceils mi after 2hr at 0 : C at 0.3 ug ml for mat 32 and 

I. 5u^ml for hlgGl inhibiticn of the tmdmg of both ' l-hlgG and '-M-mab 32 to U937 ce'ls by unlabeled 
preparations c* t>oth n IgG 1 and mab 32 was evaluated by incubating the radioligand or radioambodv with 
cells m the presence o* t.terec amounts of unlabeled antibcdy or hgand under the above conditions Ce- 1- 
bound radioactiv ty was separated from free oy centnfuging trip mate 50ul oodions of the cells suspension 
through an oi mixture as described. Anderson. C L. and Abraham G N f 1 980) J Immunol. 125 2735- 
2741 Nonspecific binding was measured in replicate samole-s containing a great excess of igand (3mgm!) 
or antibody (333ug ml). Percent inhibition was calculated as described. Anderson, C. L and Sciegelberg. H 
L. (1981) J Immunol 126 2470-2473. 

Fluorescence and Flow Cytometry 

One mnlion cells were mcubated *or 2 hr at 4 5 C m 50ul of antibody (either mab 32 or IV3 supernatant 
or 10ugm! solut'ons of purified IgG fractions of ascites fluid) diluted m RPMI 1640 growth medium 
containing 4mg ml hlgG to block nonspecific binding. The ;ells were washed x3 in PBS containing 0.1°o 
NaN . were resuspended and incubated for 2 hr at 4 = C m 50ul FITC anti-migG (TAGO. Buomgame. cA. or 
Boennnger- Mannheim hoianapohs IN) and were washed a fmal 3 times Stained ceils were analyzed cm 
an Ortho 50H Cytofluorograf flow cytometer using argon lasers at 300mW 0' 500mW oower Green 
fluorescence was collected through a 525 nm bandpass filter on 10.000-50.000 cefls gate-d fcr low angle 
light scatter (to exclude erythrocytes, olatelets dead cells and debris) and 90 °C light scatter (to distinguish 
monocytes or neutrophils from lymphocytes). See Salzman. G. C et al. (1975) Acta Cytol. 19 374 The 90° 
light scatter signal characteristic of monocytes was de'.ermmed by separately staining an altquct with anti- 
monocyte antibody Leu-M3 Based cn these data, gates for 90 1 light scatter were adjusted so that the 
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Results 

The strategy for the development of monoclonal antibodies against the high affinity 72kDa FcR had to 
deal with the observation that two of the four murine igG subclasses. tgG2a and lgG3. bound with high 
affinity to this FcR. Thus, any assay for FcR binding would register ail antibodies of these two subclasses. 
Our protocol, therefore, called for immunizing a mouse with partially purified FcR from U937 cells, 
screening the hybrid supernatants for an Ig capable of binding U937 cells, eliminating from further 

consideration igu^a ana iguo anuuuuies, emu tsvaiucumy mc i^u.«......y — ■ > - 

immunoprecipitate 72kDa surface molecules. (Additional monoclonal antibodies of this specificity (des- 
ignated mab 22, mab 44 and mab 197) were prepared using whole U937 cells.) 

Twenty-nine supernatants from the partially purified FcR immunization contained Ig capable of binding 
U937 cells. Of these, 12 were of the lgG2a subclass, 1 was lgG3. 7 were IgGt, 2 were IgM. and 7 were 
either of mixed subclass or could not be typed. The supernatants of the cultures of cloned ceils were then 
evaluated for their ability to bind to a 72kDa cell surface molecule by an affinity adsorption assay 

Detergent lysates of U937 cells radioiodmated by the chiorogiycounl method were incubated, (shown in 
Figure 1) from left to right, with Sepharose-anti-mlg sensitized with purified murine igG2a myeloma protein 
RPC5 (lane 1) or with mab 32 (lane 3); with Sepharose-human IgG (lane 4); or with Sepharose-anti-mlg 
sensitized with mab 1V3 (lane 5). The three samples analyzed in the rignt hand panel were eluted from 
Sepharose-anti-mlg sensitized with either intact IgG of mab 32 (lane 6). with Fab fragments of pooled 
human IgG (lane 7), or with Fab' fragments of mab 32 (iane 8). The immunoadsorbants were washed free of 
unbound radioactivity and the bound material was eiuted in an SOS-containing sample buffer and analyzed 
by electrophoresis on an SDS-poiyacryiamide gel followed by autoradiography. Adjacent lanes not shown 
but marked on the lateral margins of the autoradiograph contained radiotodinated bovine albumin (68kDa) 
and rabbit muscle actm (43kDa). Lane 2 contains a mab of the lgG2a subclass. 

All of the supernatants containing lgG2a and lgG3 anti-U937 antibodies adsorbed a 72kDa molecule, as 
expected. Of the remaining supernatants. one IgGl (designated mab32) was found capable of adsorbing a 
72kDa molecule and was chosen for further study. Of the remaining 6 IgGl supernatants, 5 adsorbed a 
110kDa molecule and one adsorbed small amounts of a 72kDa molecule. 

Figure 1 summarizes these observations. The autoradiograph shows the 72kDa molecule purified from 
detergent lysates of radioiodtnated U937 cells with mab 32 (lane 3). The molecular weight of this molecule 
as determined on SDS-poiyacryiamide gels is indistinguishable from the 72kDa FcR affinity adsorbed by 
Sepharose conjugated with ligand capable of interacting with the receptor. Thus, Sepharose-anti-mlg 
bearing RPC5, a murine !gG2a (lane 1). or Sepharose-human IgG (iane 4) both purify a 72kDa molecule that 
has been shown to be the high affinity FcR of U937 cells and human monocytes (See Anderson, C.L., 
(1982) J. Exp. Med. 156:1794-1805). An additional molecule of approximately 40kDa was adsorbed by 
Sepharose-human ~lgG~(lane 4). This molecule is a low affinity FcR precipitated by mab IV3 (lane 5) and 
present on other blood cells as well. 

Since mlgG1 antibodies have not been found to bind to the U937 high affinity FcR and since several 
mlgGl monoclonal antibodies have failed to immunoprecipitate the 72kDa FcR (C. L. Anderson, un- 
published), it was inferred that mab 32 bound the 72 kDa molecule as an antibody by the Fab portion of the 
antibody molecule rather than as a ligand by the Fc portion. To confirm this supposition, Fab' fragments of 
mab 32 were prepared and were tested for their ability to precipitate p72. Lane 8 of Figure 1 indicates that 
Sepharose-anti-mig sensitized with these Fab' fragments of mab 32 purifies the receptor, the Fab fragments 
of pooled human IgG. do not (lane 7). The 72kDa molecule purified by the intact IgG of mab 32 ts shown in 
lane 6 for reference. 

Although the autoradiograph seen in Figure 1 shows that the molecule purified by mab 32 is of the 
same apparent molecular weight as the molecule purified by the ligands. two other methods were utilized to 
evaluate whether the molecules are identical. First, lysates of radioiodmated U937 cells were precleared 
with either an affinity adsorbent of mab 32 or with a sham adsorbent (mlgGl which does not bind or 
precipitate the FcR). The precleared lysates were then tested for residual p72 by affinity adsorbtion with 
Sepharose-anti-mlg sensitized with mlgG2a. a ligand which binds this FcR. Radioactive material bound to 
the adsorbents was analyzed by electrophoresis on SDS-polyacrylamide gels followed by autoradiography 
and densitometry. 

Portions of a lysate of radioiodmated U937 cells were incubated with Sepharose-anti-mlg sensitized with 
several mabs designated as "prehearing adsorbants" in Figure 2. The affinity adsorbants were centnfuged 
out of suspension and the supernatants were incubated with a second set of affinity adsorbants desianated 
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" f >ra adsorcants" The eiuates from the cashed set of f ina> acsortar's were orocesse: as iesc ceo *:■ 
Figure 1 A cnotograpr of the set c' ^2kDa rands the omy bancs acoear^g y *no ai/.rrao og' ac- s 
Oisp-ayeo vertically Densitometry tracings c 1 caper c: tne autoraaiograpn canes .\e'e Cut a^o 
weigneo. oana density 'S expressed as mg per cane Percent aepiet.on or c~2 ::y tre :. c::.oa r ^g aas: r :;an* 
was raicuiatec c\ comparing tanes 2 and 3. 1 and 4. 2 and 5 anc i ana 6 

Comparing lanes i ana 4 of Figure 2. mac 32 precieared 73 c o of me p72 sucseouent"; cunfieo cv 
m tgG2a. The r eaproca! experiment, preciearmg with mlgG2a and then cicfying p^2 wt' 1 mac 32 i^oi: rates 
tnat 89° o o f o72 was D r eciea'ec with mlgG2a nane 3> comcarea witn tne mlgGl snam centre cane 2> 
Centre, experiments we r e performed ;n whicn tne same reagent (mac or 'igano> was user : ' r :" ; o- 
;;-ec va--icg ano 'or SoOsequert l" unfication Tnrse sncwec the efficiency o f ceciea r ng c; 'ar^j ; -:m 8i 3 = 
, v ^ 9 o .^ a hs 30 a as used danes 2 a n d 5' t: 93^r wren *^lgG2a was ..soo • a-cs i coo: 6- VA.- o . 
tnorefore. tna: mac 32 Pmas to the same high affinity 72kDa FcR purified by ijgaoc arfmity adsorption 

Tne third method used to test wnether the iigana ana mab 32 cmd tne same ^2kDa mc-eiue was 
isoelectric focusing. Figure 3 shows the results 

A detergent iysate of radioiodinated U937 cells was incubated w-th Sepharose-anti-mlg sensitized with 
either murine lgG2a mve'oma RPC5 (lane 1) or mab 32 (lane 3): witn Sepharose-human IgG (lane 4v or 
with Sepnarose-anti-mlg sensitized with mab IV3 (lane 5). Tne radioactivity bound to the washed immuncaa- 
screams was eiuted with urea-oontammg sample buffer and was analyzed by isoelectric focusing and 
autcadiograr ny The oH gradient is shown m the left margin. Lane 2 analyzed a mac still under 
investigation. 

An identical pattern o r ten distinct bands having isoelectric points ranging from pH 5 to pH was seen 
■ n bO'tn lanes (Figure 3. 'anes 1 and 3). A similar althcugn subtly distinct pattern of oanas was seen m lane 
5 ana'vzmg tne eiuate from the IV3 affinity adsorbent which purified only the 40kDa FcR. The eluate from 
Sepnarose-human IgG which ounties both the "2 and 40 kDa molecules appears m lane 4 as a composite 
of tne two isoelectric focusing oatterns with seme cf the p72 molecules appearing dimmer than ir lanes 1-3. 
most likely because the o72-ligand bond resists dissociation by urea unlike the p40-Hgand bond and unlike 
antibcay-antigen interactions (lanes 1-3) Thus these data further' substantiate the identity of the 72kDa 
molecules punned by both FcR hganas ana mac 32. 

Since IFN-gamma enhances the expression of the high affinity FcR. we used 'ndireet mv 
mjn fluorescence and flow :ytometry to examoe the binding of mab 32 to control and IFN-gamma-treated 
U937 cells Tabie 1 shows a 3- f cld increment in binding o* bo*h mab 32 and a murine lgG2a myeoma 
otote-n to IFN-gamma-mduced U937 cells We a*so determined whether hlgG interferes with the binding of 
mab 32 to the FcR of U937 cells. As seen in Table 1. hlgG significantly blocked the binding of mlgG2a to 
the FcR of U937 while the binding of mab 32 was unaffected. This suggests that mab 32 binds to the 
72kDa FcR at a site dist-nct f rcm the hgand bidding site 

Table 1 



Binding of Mab32 to Control- and IFN Treated U937 Cells 



First Antibody 


Mean Fluorescence Intensity 


U937 without IFN 


U937 with IFN 


no hlgG 


hlgG 


no hlgG 


hlgG 


P3(mlgGl) 


39t1 


46±4 


55±1 


52±6 


Mab32(mlgGD 


159^4 


150i6 


423i8 


410t6 


RPC5(mlgG2a) 


1 86* 16 


47i2 


537t8 


78±4 



5< 1 0 cells 'rom triplicate cultures of U937 cells grown 48 hours with or without 100 IRU mil IFN were 
m.euoated for 2 hours at 4'C in 60 ul RPMI-1640 containing BSA (2mg ml) and 40 ug ml IgG fraction of the 
mlgGl myeloma P3. and mlgG2a myeloma RPC5 (Litton Bioneticst or Mab32. Replicate mixtures contained 
4 mg ml hlgG to bloc^ tne FcR binding site After 3 washes (1 ml cold PBS BSA. i mg ml) the cehs were 
incubated 2 hours at 4 1 C with 100 ug ml FITC anti-mlg cBoehringer-Mannheim). washed with PBS BSA and 
fixed m 1° 0 ; ormalm. The cells were analyzed on an Ortho 50H Cytofluorograf using 300 mW excitation at 
488 nm. Results are expressed as mean fluorescence intensity ± SD of triplicate cultures The mean 
fluorescence intensity of unstained cells (autofluorescence) was 25±2 
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0 f hoth mah 3? and a iigand. in this case a human IqGl (hlqGI ) 
myeloma protein (Arr), to inhibit the binding to U937 cells of eithei v " l-human IgGi (Arr) or l-mab 32. 
Figure 4 shows the results of these inhibition experiments. Under conditions of saturation and equilibrium. 
U937 ceiis were incubated at 4°C with -M-mousc myeloma !gG2a (UPC 10) or '^l-mab 32 ,n the presence 
5 of varying amounts of unlabeled human IgGi. Bound labeled antibody was separated from free oy 
centnfugmg the cells through oil and was quantified by counting the radioactivity associated with the cell 
pellets. Nonspecific binding measured in the presence of a great excess (100 fold) of unlabeled antibody 
was subtracted from total binding to give specific binding. Percent inhibition, calculated as described in 
Materials and Methods, was plotted versus the concentration of inhibitor protein. Nonspecific binding was 6- 
10 8°b of total Dinding. 

As seen m figure 4. human IgG at concentrations found in human serum (10-15 mg mi) does not inhibit 
the binding of mab 32 to Fc "receptors on U937 cells. On the other hand, if a Iigand which binds to the Fc 
receptor through the ligand's Fc region is used, serum levels of IgG inhibit the binding by more than 9b<V 
In figure 4, the mouse myeloma IgG 2a designated UPC-10 was used as the Iigand. identical inhibition by 
human IgG has also been demonstrated in experiments using human lgG1 as the Iigand. We conclude that 
the binding of mab 32 to cells does not interfere with Iigand binding to the FcR binding site and that Iigand 
binding does not inhibit mab 32 binding. 

The types of cells which bear the epitope recognized by mab 32 were evaluated by incirect 
immunofluorescence and flow cytometry and data are presented in Table 2. It is apparent that mab 32 
binds to those ceiis which are known to bear the high affinity IgG FcR, namely U937. HL60. and monocytes. 
Lymphocytes were negative as were the B cell lines Raji and Daudi. and the T cell lines Molt4 and Jurkat. 
Some samples of neutrophils showed low level bindiny of mab 32. Figure 5 shows the fluorescence 
intensity of cells stained with mab 32. Each panei displays histograms of fluorescence intensity vs eel! 
number for cells stained with mab 32 (shaded area) and murine monoclonal lgG2b control (solid line). Cells 
shown are: a) lymphocytes, b) monocytes, and c) U937 cells. Nonocytes and lymphocytes from a single 
suspension of blood mononuclear cells were identified by gating on forward and 90° light scatter Panels a 
and b are 64 channel histograms (20,000 cells counted). The fluorescence detection gain was set at 1500 to 
bring the lymphocytes on scale. Panel c is a 256 channel histogram gated on forward angle light scatter 
(11,000 cells counted). The fluorescence detection gain was set at 1400. The scale of fluorescence intensity 
30 units was calibrated by fluorescent microspheres. 
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As illustrated in Figure 5, it shouid be noted that in spite of some overlap in the fluorescence intensity 
distribution of cells stained with mab 32 and control antibodies, fluorescence intensity plots of all positive 
eel! types indicated a unimodel distribution with mab 32. This suggests that the entire populations of HL60 
U937 cells and monocytes, rather than just a major subpopuiation. were positive for binding of mab 32. 



Discission 

The development of monoclonal antibodies against the high affinity FcR for IgG of human mononuclear 
^u~~ ~^n^ ..^^ n^tinnh. r-hiiinon^ haroiico twn ci ihripccpc of miinnp Infn and lnG3 are 

ligands capable of binding with high affinity to this receptor (Anderson C.L. and Abraham, G.N. (1980) J 
Immunol. 125: 2735-2741; Zubeck, M.D. et a! (1985) J Imrrujol. 135: 1299-1304). Thus, any assay for mabs 
capable of 'binding to the receptor would register as positive all antibodies ot these two suDciasses. Our 
strategy was designed to deal with this obstacle, however, and we were successful in obtaining monoclonal 
antibodies of the IgGl subclass capable of binding this receptor at sites on the outer surface of the plasma 
memorane distinct from the ligand binding site. The data supporting this conclusion can be summarized 
briefly for the prototype antibody mab 32: 

Fust, mab 32 is of the IgGl subclass. This murine IgG subclass has been found incapable of binding to 
the high affinity FcR. See e.g. Anderson, C. L. and Abraham. G. N. (1980) J. Immunol. 125: 2735. Of the 
seven IgGl mabs with anti-U937 activity derived from the fusion described above, four ot them adsorbeo 
only a 110kDa molecule from lysates of surface radioiodinated U937 cells Thus, adsorption of the 
72kDaFoR is not a general property of IgGl proteins. (Of the two remaining IgGl mabs, one adsorbed 

,_ _r _ -7/^1 f-> _ i i_ I iU ^ ^M^^.-V^^M k/-vlk -i TOI/llo inH n 1 1 PlLPlci mA inn ilo- thoc^ 

Small amounts Ol d /£KUd muit^uit? emu mc umci auoui ucu uuui ci /lKuu uh'j " ' "ivivw.^. 

have not yet been further investigated.) Nevertheless, to eliminate the possibility that mab 32 was a 
variant lgG1 which bound through its Fc region to the FcR, we tested the capacity of Fab' fragments of 
mab 32 to adsorb the 72kDa FcR and found that binding occurs independently of the Fc portion of the 
mab {Fig. 1 ). 

Second, our data show that the 72kDa molecule adsorbed by mab 32 is the same molecule identified as 
the high affinity FcR by several criteria previously described. See Anderson. C. L. (1982) J. Exp. Biol. 
156: 1794. Not only do the molecules appear identical by poiyacryiamide gel electrophoresis m SDS 
(Figure 1) but the isoelectric focussing patterns of the two moiecufes are the same as well (Figure 3) 
The marked heterogeneity of charge of this molecule has been ascribed to terminal sialic acid residues. 
The preadsorption experiments shown in Figure 2 also support the contention that the 72kDa molecules 
bound by both ligand and mab 32 are identical. Either ligand or mab 32 is capable of removing the same 
72kDa molecule from detergent solution such that it is no longer available to the other for adsorption. 
Third, the data indicate that mab 32 binds to a site on the 72kDa FcR distinct from the site where ligand 
binds (Figure 4, Table 1). This observation constitutes direct evidence that in fact mab 32 is not binding 
to the receptor as a ligand. for if it were it should inhibit ligand binding. The capacity of mab 32 to bind 
the isgand-occupied FcR should prove useful in a number of circumstances involving detection of the 
receptor in the presence of ligand. To date this has been impossible. 

Fourth, it is quite clear from Table 2 that the only cells which bear the epitope recognized by mab 32 are 
those which bear the 72kDa high affinity FcR, namely, monocytes, HL60 cells and U937 cells. This 
correlation is further evidence that mab 32 is directed against the high affinity FcR. Neutrophils 
according to the data of Table 2, are the only other cells capable of binding mab32, but the extent of 

u„-j; n ^ ;^ 2 c t/^ Ka Artni.mrol f^twpn nheon/atinnc that IFM-nprrima inHijrp^ thp f=>ynrP9Sir>n nf thi c - 

nigr, affinity FcR on neutrophils, it is conceivable that the neutrophils of normal subjects show subtle 
evidence of induction of this receptor. 

Anti-Fc Receptor - Anti-Target Ceil Antibody Heteroaggreg ates Med iate Huma n Monocyte ADCC 

The lgG1 monoclonal antibody 32.2. raised against the 72 kd monocyte high affinity Fc receptor was 
used io examine the role of this receptor in ADCC. Whoie 32 or its Fab fragments were crosslinked to Fab 
fragments of rabbit anti-chtcken red blood cells (cRBC) using the agent SPDP. The resulting heteroagg- 
regates (32 x Fab anti cRBC) mediated monocyte and U937 cytotoxicity against cRBC. See Figure 6. The 
covalent association between the anti-Fc receptor and anti-target Fab was found necessary in order for 
ADCC to occur, since non-cross linked mixtures of 32 and Fab anti-cRBC did not promote ADCC. See 
Figure 6. U937 ceils did not perform appreciable ievels of ADCC unless stimulated with IFN-gamma. but 
ADCC for these cells was stimulated 3 fold with IFN-qamma (Sep Fioure 7) In contrast unstimulated 
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numar. oencr-erai c<ooc monocytes tPBMi were aoie km :RBC >n me oese n ce ■:* 32 ■ Fa:; am-CE 
neteroantibodies. and cytoto <r nty was increased by IFN-gamma 'Figure 8i A conno netem am'ccc. :' Fac 
32 - Fac anti-Streotcccceu: ^utans oc not stimulate lent' : :r IFN-gamma veatec m.;-:c,;es o ;so 
:RBC targets See Fiqure 8 32 ■ Fab anti-cRBC orcmotec cei :ysis by U937 :e ;s was '"it '^^c to: b, 
h,gr eveis of mocking igGl while cytotoxicity mediated oy racb't ant'-cPBC anticc-C', was 'Gad ;> '^x'teo 
o v IgGl. bom Mth IFN-gamma treatec ana untreated U937 cens See F-gure 9 Faro 32 < Fac an-iRBC- 
oromoted Knnng oy nt-man PBMs with nr without IFN-gamma trea : nnent. was not ^ ni otteo by ^ceasing 
eve-s c occKmg IgGl Rabbit art--:PBC an::ooc, bromctec ^mng .vas GuiIk, n r :i:e: l" . IgGl 
-egamess o: lFN-:jamma induction See Figure 10. 

I*- ar attemct to oenne me ie:< surface determinants ?n numar monccytes mat act as '• ; • '^ooo: es 

;- f . -.. ^ Y ,nf ^ ny^ri'i^ci r^Hc iHC) w n "~h n r n.-^i . ^ pG a nr 'b<^Gv <d |, ' 0: ~* c :G + ~ '.a r 'CUS ly'v S.-"*G'!1 

molecules were selected fcr nign e-pression of surface Ig and usea directly as target ce ! is Hyoriooma ce is 
express-HQ si.race Ig o-rectec to the high-atfinoy FcgR were efficiently h iiec by human mc n cytes whereas 
nvor-acma coms e> pressing surface Ig directed *o other moiecuies present on me menccvte memorane 
were r ..:t lysed. Tnus. FcgRI when appropriately triggered, specifica ly initiates monocvte-mediated 
cvtolysis of tumor target cells. (Graziano and Farget 1987 J Immun 138 945-950) 

In previous studies, n has been indicated that IFN-gamma increases bcth the numoer et FcgRI 
molecules per monoo/te and :ne abihty of monocytes to mediate ADCC. In tne work described here 
treatment o f monocytes won IFN-gamma did net icnsotcntly augment tneir abilit, tc :vse a nyoriaoma ce : 
(HC 32. 2A) expressing hign levels of surface Ig to FcgRI. However a difference was noted m the 
susceptibility to moncc yte-mediated kiHmg of h; bndomas bearing low (HC 32 2C) and high eve's of surface 
Ig anti-FcgRI Untreated monocytes were able tc mediate ysis of both the rngn (HC 32.2A) arc hew ;HC 
32 2Ai surface Ig-bear.ng colls. In contrast I FN -gamma seated monocytes iysed tne twe targets eauahv 
well Thus, it appears that IFN-gamma enhances tne capability of the monocyte to mediate antibody- 
oeoendent killing unde f conditions where limited antibcdy -s available on the target. 

C vtotoxic.tv of the anti-FcgRI-bearing cell line HC 32 2C was inhibited by soluble 32.2 antibody but net 
oy mrnomertc human IgG. tne natural ngand fc r the receptor Altnougn this is not altogether surprising 
since MAb 32 2 binds to an epitope outside the binding site of FcgRI. ■: does demonstrate that the iigand 
o-nomg site o* FcijRI neen not be occupied m order to tngger human monocytes tc Mil tumor cells 
Furthermore, using mab 32.2 and a second anti-mouse reagent we have:' snown that the release cf 
superoxide amen mom moncc /tes requires bridging of FcgRI. suggesting that croeslmking of recoptcrs may 
a-so t.r gger tumor ceil cytotoxicity by tne monocyte Certainly target cells loated with antibody and. in the 
present studies, hybneoma cells expressing multiple anti-FcgRI antibodies oer cel. would create e> tensive 
receptcr cross-linking cn the monocyte cell surface 

Although in the present study the antibody to FcgRI involved m triggering cytotoxicity was expressed 
on the surface of the HC that produces it mab 32.2 may be directed to tne surface of other types of turner 
cells b/ linking it to an anti-tumor-specific antiocny. The resulting neteicantibodv could Iipk tumor cells to 
monocytes by way of the FcgRI ana may trigger ; ysis of the tumor cell. These reagents would be attractive 
therapeutic agents, because mey wou'd activate and use normal cytoto>io mechanisms ore-sent n the host. 
In addition, because mab 32.2 omcs to a region o* the FcgRI outside the normal F: binding sue. human IgG 
o r immune complexes would not interfere with its binding in vtvo. We have in fact preparec heteroan- 
tioodies that mediate cytoto <icity by monocytes In particular, reagents composed of 'he Fab' of mab 32.2 
and the Fab' of rabbit anti-cmck erythrocyte (CE) antibody mediated killing of CE by monocytes ana by 
IFN-gamma-treated U937 cells. This killing was not blocked by human IgGl In contrast, neteroantibodies 
composed of Fab fragments of W6 32 and anti-CE antibodies did not mediate kil mg cf CE by monocytes 
again suggesting the specificity of FcgRI in triggering cytotoxicity 

More impcrtandy. we have prepared neteroantibodies of mab 32 2 and a monoclonal antibody (SCCL- 
175) to human small cell carcinoma of the lung (SCCL). We have shown thar this heteroantibody can 
mediate killing of SCCL cells in vitro by human monocytes (see table 3). Thus, appropriate heteroantibody 
can mediate iy sis of numan tumor cells by human monocytes 
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TABLE 3 



ADCC OF SCCL CELLS BY HUMAN MONONUCLEAR CELLS 


Heteroantibody 


ET 




ug mi 


40:1 


60:1 


80:1 




< 


y o specific cytotoxicity 




SCCL- 175 x 32 


25 


18 


24 


1 1 




100 


31 


37 


26 



The in vivo efficacy of heteroantibodies composed of mab 32.2 and anti-tumor antibodies may be 
enhanced by the use of physiological mediators such as IFN-gamma or calcitrol. 

/5 The invention relates to human Fc receptor-specific monoclonal antibody, the binding of which to Fc 
receptor is not blocked by human immunoglobulin G. to a monoclonal antibody which binds, through its 
antigen binding region, specifically to the hign affinity Fc receptor for !gG on human monocytes, the 
antibody binding site on the receptor betng distinct from the ligand binding site for Fc, to a monoclonal 
antibody which: (a) binds specifically to an epitope of the high affinity Fc receptor for IgG on human 

20 monocytes, the epitope being distinct from the ligand binding site for Fc of the receptor: (t» is capable of 
binding to IgG- occupied Fc receptor: and (c) is not blocked from binding to the receptor by human IgG. to 
a monocionai anti-FcRl antibodies selected from the group consisting of mab 32. mab 22, mab 44. mab 62 
and mab 197. 

The invention also relates to a Afunctional antibody or heteroantibody, comprising:(a) at least one 
25 antigen binding region derived from an anti-Fc receptor antibody, the binding of which to human Fc 
receptor is not blocked by human immunoglobulin G: and (b) at least one antigen binding region specific for 
a target epitope. 

The Afunctional antibody or heteroantibody according to the invention may comprise an anti[Fc 
receptor antibody which is specific for the high affinity Fc receptor for human Ig. The anti-Fc receptor 
so antibody may be selected from the group consisting of mab 32 mab 22, mab 44. mab 62. mab 197 and 
anti-FcRl antibody 62. 

The target epitope may be that of a cancer cell, that of an infectious agent, or that of an antibody- 
producing cell. 

The invention also relates to a Afunctional antibody or heteroantibody. comprising: (a) at least one 
35 antigen binding region derived from an antibody which n) binds specifically to an epitope of the high affinity 
Fc receptor for IgG on human monocytes, the epitope being distinct from the ligand binding site for Fc of 
the receptor: (n) is capable of binding to IgG-occupied Fc receptor: and (m) is not blocked from binding to 
the receptor by human IgG: and (b) at least one antigen binding region specific for a target cell. The target 
cell may be selected from the group consisting of a cancer cell, an infectious agent, an IgE-producmg cell 
40 and an autoimmune cell. 

The invention also relates to a heteroantibody comprising: (a) an antibody or antibody binding fragment 
specific for Fc receptor for IgG on human monocytes, the binding of which to the human Fc receptor is not 
blocked by human immunoglobulin G. lb) an antibody or antibody binding fragment specific for a target 
cell. The antibody or antibody binding fragment for Fc receptor may be specific for the high affinity Fc 

t _ ,. nt ~H *u - *.~ r ~^*. „„n rr.^"' fr-^ry^ t^n oKnup rnpcictinri r\ f a rz*r\r&r roll an mfprtim i^; AQPnt 

4i> ftJUeptuL anO Uie laryci icn may uc ocic^icu nvjln u >o ^ivup v,uiiouttu^ ^ ^a. a., 

an igE producing ceil and an autoimmune ceii. The anti-Fc receptor antibody may be selected from the 
group consisting of mab 32. mab 22. mab 44. mab 62 and mab 19/ 

The invention also covers a Afunctional antibody or heteroantibody comprising: (a) at least one antigen 
binding region derived from mab 32: and (b) at least one antigen binding region derived from an antibody 

so specific for a target cell, said ceil for example being a cancer cell, and a target-specific effector cell, 
comprising: (a) an effector cell which expresses receptor for the Fc portion of IgG and (b) a bifunctionai 
antibody or heteroantibody which comprises (1) at least one antigen binding region derived from an anti-Fc 
receptor antibody, the binding of which to human Fc receptor is net blocked by human immunoglobulin G: 
and (2) at least one antigen binding region specific for a target cell, the bifunctionai antibody or 

55 heteroantibody being bound to the Fc receptor of the effector ceil. 

The target-specific effector cell may be pretreated with IFN-gamma. and may be a human monocyte or 
macrophage, or an activated macrophage. The Fc receptor may be the high affinity Fc receptor for human 
In and mav he derived from monoclonal antihodv 3? The ramjet mav hP c ^ r ^d frnm the nrmm 
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:0MSiSting of a cance r cem an mrecoous agent, an IgE rcrooucmg ce^ : r a- autoimmune ce ..c s ar 
antibody producing ce' 1 

Tne ^.erv. or a;s: -eiates tc a target macecnago c;mcrs^g a '~acr:;:rage 'V;. ^ r,; L m:: t; ts 
surface F: r eceotors a neteroantiboay comprising: iai at .east one antigen omeong region >c r ,eo ":m a^ 
anti-F: -ecector ant tody the binang of wmcn to numa r ' F: 'ececto-- is rot coco nee: '\.'^a p ;r ^- 
•noncg'ODuMn G. anc (D) at least ene antigen omamg region specific tor a tar gt cei. tne oirn^ona 
antmony or neteroantibod/ hemg bounn to the Fc receptc of tne effector com tne macropnage OPTION- 
ALL t r ^av ; no ::een treated Aim IFN-gamma oefcre targetir^g 

The nete-rcartiUcay may comprise iai an ant.oody co ar^coc/ omcmg f:agrner: soec.f.c :z\ F: -elector 
: :- i gG zr '\/^a^ morcc/'es tre rmamg :.f a^o 1 t: tne no^a- F; 'ecertc s t ::::<oo ::, '\. ,in ar' 

■ n, -■<-*.. r-,[~ ' iii'"' G / p. i a n ri - t r.' ^mt'prOV 0' n OmC ''eem"e nt SPOC' f, C a *a'CrC* 

Tne invention aiso ro'ates to targeted effector ceils, eacn comprising- iai an effectc' con e^essmg 
reoector for the Fc portion of IgG -b) at .east one antigen t:mamg region aenvec i'cm an ant'-F; uccoctc 
anticocy. tne booing ;d wmcn to numan Fc receptor is not racked by human immunoglobulin G. anc t~i at 
least one antigen binamg region specific for a tumor eel the bitunctiona. antibody or heteroantioody being 
oound to the Fc receptor of the effector cell for use m diagnosis or tneracy. e.g. of cancers anergies 
infectious or immune diseases. 

The invt-mt-on also embraces f he use of targeted elector ceils tor the manufacture of a diagnostic agent 
or a r>i ea:c ament fo r therapy eg ct cancers, allergies, ntectiOusci .rrmune diseases, said ceiis eac f " 
compnsing:(a) an effectoi ceil expressing receptor for the Fc oortion of IgG; (b) at least one ant:gen binding 
region derived t-om an an f i-Fc receptor antibocy. the binding of which to numana Fc receptor is not biockec 
oy numan immunoglobulin G. ana ici at seast one antigen omding region specific for a tumor ceil, the 
oifunct oral antibody or heteroant.boo y bemg bounci to the Fc f eceoto- of the effector ceii 

The cehs may comprise an ani.-Fcreceptor antioody selected from the group consisting of mab 22 
mab 32. mab 44. mab 62 and mac 1 97. and may be pretreated with mterferon-gamma before targeting 
said cells optionally being human monocytes or macrophages. 

Tne mention also 'Covers an immunoassay for the evei of numan FcRl of a ceil employing a 
mence oral anti-Fc receptor antibody' whieho-a) binds specifically to an epitope of the high affin ty Fc. 
recerctor for IgG c r numan monocytes, the epitope being ;v=tmct from 'he ligand oemg site fc* Fc of the 
reccctor; m. is capable o' bmamg to IgG-cccupied Fc receptor and '.o is not olocked from omding tc the 
reccrctor c\ rjman IgG as we- aE an mmjnoassav fo r quantifying mterferon-gamma in a sample 
comprising, ia) contacting the sample to be tested with ru.man cells that increase FcRl expression upon 
stimulation with mterferon-gamma: and <b) measuring the FcRl level of the cells as an indication of the 
amount of mterferon-gamma m samroie. 

The immunoassay of the invention may comprise measuring tne FcRl evel by employing an anti- 
FcRlmonoclonal antibody which rinds FcRl through its antigen binding region In the immunoassay, the 
anti-FcRI antibody may be selected fromthe group consisting of mac 22. mab 32 mab 44. mab 62 and mab 
197 

The invention also embraces the antibody or heteroantibcdy 'or use as diagnostic agents or therapeutic 
agems. anc alsc covers met n cas of making the antibody z> neter oar*;boc"> as substantially as cescrioed m 
the accompanying specification. 

The invention aiso covers a method o* targeting a hjrran effector cell, for example a numan 
macrophage wmcn expresses Fc receptor to produce a target-specific effector cell comprising nnkmg an 
antigen bmamg region of an antibody specne for a target ceil to the effector cell through an antigen binding 
region derived from an anti-Fc receptor antibody, which pmos Fc receptor w-thout being blocked by numan 
IgG. the anti-Fc receptor antibody optionally oemg selectee from mab 32 mab 22. mab 44. mab 62 and 
mao 197. and tne target cell for example being a cancer ce- . an infectious agent, an IgE-producing cell or 
an autoimmune ceii. 

Those skilled m the art will recognize, or be able to ascertain using no more than routine experimenta- 
tion many equivalents to the specif' c embodiments of the invention aescnoed herein. Sucn equivaents are 
intended to be encompassed by the following claims 

Claims 

1. A compound comprising an an T gen binding regicn which bmas Fc receptor without being clocked by 
numan IgG. for use n therapy or diagnosis, for example in the therapy of cancer, allergies, infectious 
and autoimmune diseases. 
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2. A method o f targeting pffprtnr r^ik /for examole human leukocytes (e.q. macrophages), monocytes, 
IFN-gamma activated natural killer cells and eosinophils) which express Fc receptors comprising the 
steps of: 

/«\ ^ /-^rrtr.^, .r.H ^nricnn an antmpn hinHion rpnmn whirh binds Fc receotor without 

being blocked by human igG: and 

(b) linking at least one antigen binding region specific for a target cell (for example a cancer cell, an 
infectious agent or an antibody-producing ceii e.g. an igt producing ceh or an autoimmune cell) to 
the Fc receptors of the effector cells via the antigen binding region of the compound to produce 
targeted effector cells, the method optionally further comprising the step of activating the effector 

__m~ u * ~ „ j. ~ ^ + ; „ u., -> ~w*,-u^/-, A^omnin tumrMu norencic fartnr K/mnhntnYin rnlnnv 

stimulating factor and interleukm-2. 

3. The compound of claim 1 or method of claim 2 wherein the antigen binding region comprises or is 
derived from an antibody (for example a monoclonal antibody e.g. mab 32. mab 22. mab 44. mab 62 
and mab 197) or fragment thereof (e.g. a Fab' fragment). 

4. The compound or method of any one of claim 1 to 3 wherein the antigen binding region binds to the 
high affinity Fc receptor for IgG on human monocytes. 

5. The compound of any one of ciaims 1 . 3 and 4 for use in- 

(a) a method of antibody dependent cell mediated cytolysis (ADCC), which method comprises the 
steps of: 

in linking at ieast one antigen binding region specific for a target cell (for example a cancer cell, 
an infectious agent or an antibody-producing coll e.g. an IgE producing cell or an autoimmune 
cell) to the Fc receptor of an effector cell (for example human leukocytes (e.g. macrophages), 
monocytes. IFN-gamma activated natural killer cells and eosinophils) via the antigen binding 
region of the compound to produce a targeted effector cell, the linkage being such that it is not 
disrupted by physiological concentrations of IgG when the targeted effector cells are subse- 
quently: 

(h) contacted with the target ceil to effect ADCC in vivo : or 

(b) a method of targeting lipid vesicles containing anticancer drugs or monocyte activating factors 
(e.g. gamma-IFN) to target cells bearing Fc receptor: or 

(c) a method for "capping" and eliminating Fc receptors on e.g. monocytes; or 

(d) quantifying the distribution or number of Fc receptors on cells, for example to assay for agents 
which influence Fc receptor expression (e.g. interferon gamma), to subclassify patients with 
rheumatologic disorders or to radio-image sites of inflammation. 



6. The compound of claim 5 wherein the method as defined in claim 6 (a) further comprises the step of 
activating the effector cells before targeting by use of a cytokine, for example tumour necrosis factor, 
lymphotoxin. colony stimulating factor and mterleukm-2. 

7. The method of claims 2 to 4 or compound of claim 5 or 6 wherein the effector cells are obtained from 
the host to be treated and for example administered as a suspension of cells in a physiologically 
acceptable solution in an amount sufficient to obtain localization at the target cell and to effect ADCC. 

8. Targeted effector cells producioie by the method of any one of claims 2 to 4. 

9. An immunoassay for FcR1 receptor levels or for a substance which influences FcR1 receptor levels 
comprising the steps of: 

(a) providing a compound comprising an antigen binding region which binds Fc receptor without 
being blocked by human IgG; 

(b) contacting a sample to be tested with the compound of step (a); and 

(c) measuring the amount of compound bound to the sample. 

10. An immunoassay according to claim 9 for quantifying mterferon-gamma in a sample, wherein in step (b) 
the sample to be tested is first contacted with human ceils that increase FcR1 expression upon 
stimulation with mterferon-gamma such that step (c) measures the FcRI level of the ceils as an 
'ndtcation of the amount of interferon aamma in the samole 
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i Monoclonal antibodies to Fc receptors for immunoglobulin G on human mono-nuclear phagocytes, 
bifunctional antibodies, target specific effector cells, targeted macrophages, and innunoassays. 



A human Fc receptor-specific monoclonal anti- 
body is disclosed together with its mode of prepara- 
tion. Binding of the antibody to Fc receptor is not 
(V) blocked by human immunoglobulin G. The antibody 
^ binds to the high affinity Fc receptor for IgG on 
^ human monocytes at a receptor binding site distinct 
q from the hgand binding site for Fc. 

A bifunctional antibody or a heteroantibody has 
^ an antigen binding region derived from an anti-Fc 
receptor antibody and an antigen binding region 
CO specific for a target epitope or ceil: such antibody 
q may target a macrophage when it is bound to sur- 
face Fc receptors of the macrophage. 

A target-specific effector eel! expresses receptor 
for the Fg portion of IgG, has one antigen binding 



another specific for a target cell, and the aforesaid 
bifunctional or hetero-antibody is bound to the Fc 
receptor of the effector cell; such effector cell can be 
used in the therapy of cancers, allergies, infectious 
and autoimmune diseases, and in immunoassays. 
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